Abstract Artemisia selengensis Turcz (AST) is a perennial herb with therapeutic and economic applications in China. The effects of ultrasound-assisted extraction (UAE) parameters upon extraction yield (EY%), antioxidant and antitumor activities of the polysaccharides extracts were studied by using a factorial design and response surface methodology. The optimal conditions determined were as: ultrasonic power 146 W, extraction time 14.5 min. and extraction temperature 60°C. The average molecular weights of two homogeneous polysaccharides (APS1 and APS2) purified by DEAE cellulose-52 and Sephadex G-100 column chromatography were 125.4 and 184.1 kDa, respectively. Monosaccharide analysis showed that APS1 and APS2 were composed of five common monomers i.e., galactose, mannose, arabinose, xylose and rhamnose and one different monomer glucose and galacturonic acid respectively, with a most abundant part in molar % of APS1 and APS2 were glucose (83.01 %) and galacturonic acid (48.87 %) while least were xylose (0.80 %) and mannose (1.73 %) respectively. The antioxidant properties were determined by evaluating DPPH, hydroxyl radical scavenging activity and reducing power which indicated both APS1 and APS2 showed strong scavenging activities and anticancer activities on HT-29, BGC823 and antitumor activity on HepG-2. As UAE improved the polysaccharides yield than CSE, meanwhile, no significant difference of polysaccharides chemical compositions. Therefore, the present study suggests that the consumption of AST leaves may beneficial for the treatment of many diseases.
Introduction
Artemisia selengensis Turcz (AST) is a succulent perennial herb, which is distributed in low-lying damp area, marshes, and freshwater lake (Peng et al. 2010) . AST is often called BLi hao^, BLou hao^or BLu hao^in China (Shi et al. 2010 ) It has been used for thousands of years in China as vegetable to produce beverages, tea, fermented yoghurt and functional shampoo (Peng et al. 2011) . AST can also be used as medicine to diminish inflammation, stop bleeding, relieve a cough, flavor enhancer and act as appetizers (Fang et al. 2014; Peng et al. 2011) . As a group of biologically active compositions, polysaccharides are well-known for their health-beneficial functions attributed to their anti-oxidant and anti-cancer activities (Li et al. 2014a, b, c; Wu et al. 2013) . Although it has been reported that bioactive compositions from water extraction of AST contained abundant of polysaccharides compounds (Zhang et al. 2014) , and polysaccharides isolated from AST were also previously demonstrated to have immunomodulatory and antitumor activities (Koo et al. 1994) , there are very limited researches about extraction of polysaccharides from AST, as well as the components and bioactivity of extracts.
Ultrasonic-assisted extraction (UAE) is a rapid, effective extraction technique that uses ultrasonic waves to generate a cavitation in the solvent, which allows higher penetration of solvent into the raw plant materials. Compared with other modern extraction techniques such as microwave assisted extraction, supercritical fluid extraction, and ion-pair extraction, UAE is more secure, economic, environmentally friendly, and easier to use. Mode of heat transfer in UAE is from outside to inner side as compare to the CSE. So it can enter to the molecules and can provide more efficient extraction than CSE. Comparing with other extraction methods, ultrasonicassisted extraction (UAE) can accelerate the extraction process at low temperatures, causing less damage to the structural and molecular properties of compounds in plant materials. Ultra sonication has received more and more attention in the isolation of polysaccharides from plants. Compared with conventional reference extraction methods, the present approach provides higher extraction efficiency (Fan et al. 2015) . When a new UAE method is developed, optimization of extraction conditions, such as extraction temperature, extraction time and samplesolvent ratio, is indispensable for the best extraction effect within the shortest time. Extraction processes are usually optimized by employing one-factor-at-a-time approach which is often expensive and time consuming. Therefore, in order to maximize extraction yield, extraction conditions should be studied.
To the best of our knowledge, there is no report available on the application of UAE for the extraction of polysaccharides from AST leaves. Therefore, in the present study the conditions for polysaccharides extraction from AST leaves, such as different ultrasonic power, extraction time and temperature and raw material to water ratio, were optimized by applying RSM approach. Additionally, purification, characterization, in vitro antioxidant and antitumor activities of polysaccharides were also assessed.
Materials and methods

Procurement of raw materials and other reagents
Leaves of AST were collected from Hongze Lake Beach, Jiangsu Province, China. Fresh samples were cleaned with water and then crushed into powder by versatile plant pulverizer after being dried at 50°C. Milled samples were kept in a drying oven to prevent moisture gain.
Different standards regents were procured like Diethylaminoethyl cellulose-52 (DEAE-cellulose-52) and Sephadex G-100 from Whatman Co. (Maidstone, Kent, UK). D-Glucose and standard dextran (molecular weight cut-off 1.26 × 10 4 -2.89 × 10 5 Da) were purchased from Chinese Institute of Mertology (Beijing, China). Others Seven standards of monosaccharide's (galactose, mannose, glucose, arabinose, xylose, rhamnose, galacturonic acid), and 1,1-Diphenyl-2-picryl-hydrazyl (DPPH), dihydromicotineamidadenine dinucleotide (NADH), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylteteazolium bromide (MTT) and 5-fluorouracil (5-Fu) were all purchased from Sigma Chemical Co. (St. Louis, MO, USA). And all other reagents used were of analytical grade.
Extraction of polysaccharides using ultrasound-assisted extraction (UAE) technique
The powder of dried AST leaves (5.0 g) was immersed in distilled water in a round bottomed flask, then put it into a K Q -5 0 0 E u l t r a s o n i c c l e a n e r b a t h ( D i m e n s i o n : 24 × 30.5 × 18 cm, Kun Shan Ultrasound Instrument Co., Jiangsu, China). Experiment conditions are shown in Table  1 . Debris fragments of the polysaccharides extracts were removed by centrifugation. The solution of polysaccharide was concentrated with a rotary evaporator and precipitated with four volumes of 95 % ethanol (V/V) for 24 h at 4°C. The precipitates were collected by centrifugation (10,000 g/min, 15 min), and associated proteins were removed by using trichloroacetic acid (TCA) (Lau et al. 1985) . And then crude polysaccharides were lyophilized by using a freeze drier.
Chemical analysis
The total contents of carbohydrate were determined by the phenol-sulfuric acid colorimetric method by using D-glucose as the standard (Dubois et al. 1956 ). The contents of uronic acid, protein and sulfate group were measured as described by the reported methods (Bradford. 1976; Cheng et al. 2013.) .
Isolation and purification of polysaccharides
The crude polysaccharides were applied to a column of DEAE cellulose-52 (2.6 cm Ã-30 cm) The samples were eluted with de-ionized water, 0.1, 0.3 and 0.5 M NaCl at a flow rate of 1 mL/min. Every 8 mL of elution was collected automatically and the polysaccharides contents were determined by the phenol-sulfuric acid colorimetric method. The obtained fractions were further purified by a Sephadex G-100 column (1.6 × 60 cm) and eluted with de-ionized water at a flow rate of 0.2 mL/min. As a result, two fractions were collected and named as APS1 and APS2, respectively.
Homogeneity and Mw
The homogeneity and molecular weight of purified polysaccharides were determined by high performance liquid chromatography (HPLC, Dionex UltiMate 3000, USA) equipped with a TSK-Gel G4000SWxl column (300 × 7.8 mm, Tosoh Co., Tokyo, Japan). The eluent was de-ionized water and flow rate was 0.6 mL/min. The elution was monitored by a parallax detector. Standard dextran (1.26 × 10 4 -2.89 × 10 5 KDa) was used to determine the Mw of purified polysaccharides.
Qualitative and quantitative analysis of monosaccharide
The monosaccharide composition of different purified AST fractions was quantitatively analyzed by HPLC after hydrolysis and derivatization (Stepan and Staudacher 2011) . Fifty microgram of sample was dissolved in 300 μL of 4 M trifluoroacetic acid (TFA) and hydrolyzed at 115°C for 2 h. Then the samples were dried under reduced pressure prior to further 3-fold re-evaporation with 500 μL of 30 % (v/v) methanol. Dry samples were dissolved in sodium acetate trihydrate solution by mixing vigorously with a vortex mixer. Then anthranilic acid reagent solution was added and incubated at 80°C for 1 h. An Agilent 1200 series HPLC with a reversed phase C18 column (250 × 4.6 mm) was used to analyze the monosaccharide composition. Analysis was carried out with a RF-20A xs fluorescence detector at 360 nm excitation and 425 nm emissions. The flow rate was 1 mL/min. For quantitative analysis, samples in the range from 0.5 to 350 nM of monosaccharide (Gal, Man, Glc, GalA, Ara, Xyl and Rha) were derivatized according to the standard protocol.
Antioxidant activity in vitro
DPPH free radical scavenging activity
The DPPH free radical scavenging activity was determined according to the reported method with minor modifications, ascorbic acid (Vc) was used as a reference standard for comparison (Li et al. 2014a, b, c) . DPPH radical scavenging activity measures the antioxidant capacity of donating hydrogen atom to eliminate the DPPH radical (Suttirak and Manurakchinakorn 2014) . The sample of the polysaccharide was dissolved in de-ionized water to get a series of solutions with different concentrations (0.125-4 mg/mL). About 0.2 mL of ethanolic DPPH radical solution (0.4 mM), 1.0 mL of the polysaccharide sample and 2.0 mL of deionized water were mixed vigorously and incubated at room temperature for 30 min in the dark. Absorbance of the mixture was measured at 517 nm using UV-2600 spectrophotometer (Shimadzu Co., Kyoto, Japan). The scavenging activity (%) was then calculated by using the following equation:
Where A 0 was the absorbance of the system under identical conditions as A sample with deionized water instead of DPPH. Deionized water was used as the blank.
Hydroxyl radical scavenging activity
The hydroxyl radical scavenging activity was measured by the modified reported method using Vc as positive control (Li et al. 2014a, b, c) . The system was performed by adding 1 mL of 1,10-phenanthroline (0.75 mM), 1 mL of FeSO 4 (0.75 mM), 1 mL of H 2 O 2 (0.01 %, v/v), 1.5 mL of sodium phosphate bufer (pH 7.4, 0.15 M) and 1 mL of sample solutions with different concentrations (0.125-4 mg/mL) in sequence. The reaction was conducted at 37°C for 1 h. Then the absorbance of the mixture was determined at 536 nm. The scavenging activity (%) was calculated by using the following formula:
Where A 0 was the absorbance of the system with deionized water instead of H 2 O 2 and sample. Deionized water was used as the blank.
Reducing power
The reducing power was measured by the method of Wang et al. (2014a, b) using Vc as positive control (Wang et al. 2014a, b) . The assay was performed by adding 2.5 mL of the sample with various concentrations (10-100 μg/mL), 2.5 mL of 0.2 M phosphate buffer (pH 6.6), 2.5 mL of potassium ferricyanide (1 %, w/v). The reaction was then conducted at 50°C for 20 min, and stopped by adding 2.5 mL of trichloroacetic acid (10 %, w/v). The mixture was centrifuged at 5000 rpm for 10 min. About 5 mL of the supernatant was mixed with 0.5 mL of ferric chloride (0.1 %, w/v). The absorbance was measured at 700 nm after 10 min.
Antitumor activity in vitro
The antitumor activities of APS1 and APS2 were evaluated by MTT colorimetry (Wang et al. 2014a, b) . In the present study, three human tumor cells were tested: HT-29 (colon cancer), BGC-823 (gastric cancer) and HepG-2 (hepatocellular cancer). The fluorouracil (5-FU) was used as positive control. These cells were inoculated in 2-diethylaminoethanol (DEME) medium containing 10 % fetal bovine serum (FBS), streptomycin (100 μg/mL) and penicillin (100 U/mL) in a humidified air incubator of 5 % CO 2 at 37°C. The 96-well plate was used to incubate cell suspension with concentration of 1 × 10 4 cells/mL. After culture for 24 h, samples with various concentrations (50, 100, 200, 400 and 600 μg/mL) and 5-FU (50 μg/mL) were added to each well (100 μl/well), and then cells were incubated for 24, 48 and 72 h, respectively. Finally, 150 μl of DMSO was added to the well. The absorbance was measured at 570 nm by enzyme-linked immunosorbent analyzer (BioTek Instruments, Inc., Burlinton, VT). The inhibition ratio of cell growth was expressed according to the following formula:
Where A control was the absorbance of the system without the addition of APS1 and APS2, while A blank was the absorbance of the system without the addition of cells.
Statistical analysis
All the data of experimental result were analyzed by analysis of variance (ANOVA) of Tukey method (spss 16.0). P values < 0.05 were considered to be significantly different. In all cases, there were three replicates.
Results and discussions
Effects of UAE extraction parameters and yield of polysaccharides
Studied were conducted on following extraction parameters of UAE to examine the effects on yield of polysaccharides.
&
Effects of extraction power on polysaccharides yield
To investigate the influence of extraction power on the yield of polysaccharides, ultrasonic power was set at 100, 150, 200, 250 and 300 W with the other extraction conditions were set as follows: extraction temperature 50°C, extraction time 10 min, raw material to water ratio 1:30. Figure 1a showed that the yield of polysaccharides was influenced by the ultrasonic power greatly and increased with the increase of ultrasonic power till 150 W. And when the power was over 150 W, the yield decreased. It is well known that the ultrasonic could destroy cell walls of plants, and the yield of anthocyanin from fresh fruits was enhanced by the increasing power in the early period (Chen et al. 2007 ). However, the extracted polysaccharides may be degraded with the higher ultrasonic power and the yield of polysaccharides decreased (Hromádková et al. 2002) . Therefore, 150 W was chosen as the optimum ultrasonic power in the following experiments.
Effects of extraction temperature on polysaccharides yield
Different temperature was set at 30, 40, 50, 60 and 70°C to investigate the influence of extraction temperature on the yield of polysaccharides and the other extraction conditions were set as follows: extraction power 150 W, extraction time 10 min, raw material to water ratio 1:30. Figure 1b showed that the yield of polysaccharides increased significantly with increasing extraction temperature, and then decreased gradually when the temperature was over 50°C. The higher temperature could improve the leaching rate of extracted polysaccharides (Koo et al. 1994 ). However, with the synergistic effect of high temperature and ultrasonic, the polysaccharide structure was easier to be destroyed. Thus, the optimum temperature was 50°C.
Effects of extraction time on polysaccharides yield
The effect of different extraction time (5, 10, 15, 20 and 25 min) on the yield of polysaccharides was shown in Fig. 1c , and other three factors were as follows: extraction power 150 W, extraction temperature 50°C, raw material to water ratio 1:30. The results showed that the yield of polysaccharides increased in the first 10 min, and then decreased with the increase of extraction time. However, longer extraction time induced the degradation of polysaccharides (Hromádková et al. 1999 ). Thus, the optimum time was chosen as 10 min.
Effects of raw material to water ratio of UAE on the yield
The effect of raw material to water ratio (1:10, 1:15, 1:20, 1:25 and 1:30) on the yield of polysaccharides was shown in Fig. 1d , and other three factors were as follows: extraction power 150 W, extraction temperature 50°C, extraction time 10 min. Results indicated that the yield of polysaccharides was enhanced with the larger raw material to water ratio, and the yield increased slowly when the raw material to water ratio was over 1:15. The higher raw material to water ratio may improve the solubility of extracted polysaccharides. Therefore, 1:30 was chosen as the optimum raw material to water ratio.
Optimization of UAE condition of polysaccharides
Response surface methodology (RSM) is a commonly statistical method in analyzing quantitative experimental data r e s u l t i n g i n t h e o p t i m i z a t i o n o f p r o c e s s e s (Selvamuthukumaran and Khanum 2014)
. Based on the results of single factor experiment, the face centered cubic design (FCD) was employed to estimate the pivotal and interaction effects of factors, including ultrasonic power (A), extraction time (B) and extraction temperature (C) on the yield of polysaccharide. Table 1 BAdj R-Squared^. The BLack of Fit F-value^of 3.76 implied the BLack of Fit^was not significant relative to the pure error. The results indicated that the model exhibited a good fit, which could analysis and predict extraction factors of polysaccharides by UAE (Song et al. 2009 ). The regression coefficient calculated for significance is shown in Table 2 . The Pvalue was considered as a testing tool to inspect the significance of each coefficient between the variables (Liyana and Shahidi 2005) . Values of BProb>F^less than 0.05 indicated model term was significant, and values greater than 0.1000 indicated model term was not significant (Song et al. 2011) . In this case, there were significant model terms of A, C, A 2 , B 2 , C 2 . By prediction of Design Expert, the optimal conditions to obtain the highest yield of polysaccharide with UAE were determined as follows: ultrasonic power 146 W, extraction time 14.5 min and extraction temperature 60°C. Under optimal conditions, the yield of polysaccharide from dried leaves of AST was 8.98 %, but it was not significantly different to predicted value 9.09 % within 95 % confidence interval.
Comparison between UAE and CSE
Based upon above experiments and statistical analysis, we can conclude that the UAE had the advantage of shortening extraction time, saving energy and increasing the yield of polysaccharide compared to the CSE. The UAE could greatly decrease the extraction time and the extraction temperature of the UAE was lower than the temperature of the CSE. The yield of polysaccharides was increased with UAE. The higher efficiency of UAE was in connection with the broken cells of AST leaves by ultrasound, therefore polysaccharides of AST dissolved more easily in the solvent. There were some differences in the chemical components among the crude polysaccharides extracted by two methods. As shown in Table 3, crude polysaccharides isolated by UAE were shown to contain more contents of total carbohydrate and uronic acid and sulfate in addition to protein, while the crude extracts by using the CSE contained more protein composition. Therefore, it is strongly recommended by the comprehensive results of both extraction methods that UAE was more efficient technique than CSE.
Isolation, purification and molecular weights of APS1 and APS2
Two homogeneous polysaccharides, named APS1 and APS2 respectively, were obtained from crude polysaccharides of AST after further purification on DEAE cellulose-52 anion exchange column and Sephadex G-100 column chromatography. As showed in Fig. 2a , 5-12 tubes collected was APS1 and 36-42 tubes collected was APS2 by using DEAE cellulose-52 anion exchange column, and when the Sephadex G-100 column was used, APS1 was collected at 8-21 tubes, and APS2 was collected at 8-19 tubes respectively (Fig. 2b) . The APS1 was known as a neutral polysaccharide, while the APS2 was considered as the acidic fraction. They were determined by HPLC, and both appeared as symmetrical sharp peaks (data not shown). The recovery ratios of two purified polysaccharides were 38.5 and 20.8 %, respectively. The HPLC was also used to determine the molecular weights (Mw) of homogeneous polysaccharides by using dextran as standards. The average molecular weight values of APS1 and APS2 were estimated to be 125.4 and 184.1 kDa, respectively. It has been reported that the molecular weight of the one polysaccharide from Artemisiae species was 2500 Da (Koo et al. 1994 ). However, our results were quite different from the previous study, which indicated the larger molecular weights of APS1 and APS2. The molecular weights and structures of polysaccharides extracted from distinct Artemisiae species may be (Koo et al. 1994) . The higher Mw value of the extracted polysaccharide would be associated with higher activities in some biological systems (Paulsen 2001) .
Compositional analysis of monosaccharide eluted from APS1 and APS2
Monosaccharide components of APS1 and APS2 were determined by HPLC analysis, and . It has reported that the polysaccharides purified from leaves of Artemisiae species plants were composed of mainly glucose and uronic acids (Koo et al. 1994) . Our results are in accordance with the previous studies. Almost all monosaccharides eluted from APS1 were similar to those of APS2 expect to glucose and galacturonic acid. No galacturonic acid was detected in APS1. Total carbohydrate contents of APS1 and APS2 were more than 90 %. Additionally, protein was not detected in both APS1 and APS2. The biological activities of polysaccharides are closely related to monosaccharide components (Paulsen 2001) . Polysaccharides containing complicated components have certain biological activities as described in previous research (Ovodova et al. 2009 ). The antioxidant activity of polysaccharide with much higher uronic acid content would be stronger and vice versa.
Determination of antioxidant properties in APS1 and APS2
The antioxidant activities of APS1 and APS2 were assessed with DPPH and hydroxyl scavenging and reducing power taking Vc as reference standard for comparison. The result showed a steady increase in antioxidant activities of APS1 and APS2 with the increase in sample concentration, however, the standard Vc showed significantly higher antioxidant activity than APS1 and APS2. Moreover, the antioxidant properties of APS2 were stronger than that of APS1 in the same concentration. At 4 mg/mL, the APS1 and APS2 both showed good DPPH scavenging activity (38.5 and 46.2 %, Fig. 3a and hydroxyl scavenging activity (47.4 and 65.5 %, Fig. 3b . The higher absorbance of the reaction mixture indicated higher reducing power (Malsawmtluangi et al. 2014) . At the highest concentration (100 μg/mL), absorbances of reducing power were (0.195 and 0.285) for APS1 and APS2, respectively Fig. 3c . The differences of the antioxidant property of two purified polysaccharides may be due to their structural characterization discrepancy. APS2 contained uronic acid showed stronger antioxidant activity than APS1 without uronic acid. In addition, it has been reported that there is some relation between the reducing power and the free radical scavenging activity (Wang et al. 2014a, b) . In our study, the correlation between radical scavenging activity and reducing power in APS1 and APS2 is also demonstrated. 
Antitumor activity
The inhibition ratios of APS1 and APS2 at various concentrations (50-600 μg/mL) for 72 h against BGC-823, HepG-2 and HT-29 cells were exhibited in Fig. 4a-c . The results indicated that there were significant inhibition effects on three human cancer cells with the increasing concentrations of APS1 and APS2. While for the HT-29 colon carcinoma, the inhibitory activity of the samples was the most effective, And highest inhibition ratios of APS1 and APS2 against HT-29 were 65.36 ± 1.77 and 69.84 ± 1.29 %, respectively. Overall, the APS2 seemed to be good against BGC-823, HepG-2 and HT-29 cancer cell lines as compared to the APS1. It has been reported that higher antitumor activity was related to greater molecular mass of polysaccharides (Pei et al. 2015) , and it is in accordance with our results. These results showed that the inhibition ratios of APS2 with Mw of 184.1 kDa were observably higher than that of APS1 with Mw of 125.4 kDa at the same concentration. Although the mechanism behind the biological activity of polysaccharides is not fully known, the monosaccharide composition also has an important influence on the antitumor activity of polysaccharides (Inngjerdingen et al. 2013; Li et al. 2014a, b, c; Suresh et al. 2013) . Bioactive polysaccharides containing abundant uronic acid contents have been isolated from several plants and algaes, including Cochlospermum tinctorium A. Rich, A. membranaceus and Sargassum plagiophyllum (Inngjerdingen et al. 2013; Li et al. 2014a, b, c; Suresh et al. 2013) . These results showed that the antitumor activity of APS2 with 48.87 % galacturonic acid was stronger than APS1 without galacturonic acid, and it is in accordance with previous results.
Conclusions
In the present work, the mathematical model employed to optimize ultrasound assistant extraction factors of polysaccharides was studied, and the optimal conditions to obtain the highest extraction efficiency of polysaccharides from AST leaves were set as follows: ultrasonic power 146 W, extraction time 14.5 min and extraction temperature 60°C. Compared with the CSE, the UAE seemed more suitable to extract crude polysaccharides from dried leaves of AST. The results showed that the independent variables (ultrasonic power, extraction temperature and extraction time), had significant effects on the yield of polysaccharides. In addition, the purification, characterization, antioxidant and anticancer activities in vitro of two purified fractions (named APS1 and APS2) were investigated. Results from these tests showed that the APS1 and APS2 were found to be consisting of glucose (83.01 %) and galacturonic acid (48.87 %), and the APS2 had stronger antioxidant and anticancer activities. Therefore, the present study suggests that the consumption of AST leaves may beneficial for the treatment of many diseases. 
